Background {#Sec1}
==========

Provision of effective maternity care is a vital global policy goal as governments seek not only to reduce mortality and morbidity rates \[[@CR1]\] but also to ensure that maternal and newborn health and wellbeing are improved. Recent Cochrane reviews of antenatal care models by Dowswell et al. \[[@CR2]\] and Sandall et al. \[[@CR3], [@CR4]\] have been complemented by an international drive to focus on those characteristics of care which promote the best outcomes \[[@CR5], [@CR6]\]. The new 'lens' that has resulted provides a mechanism to enable the assessment of maternal and newborn care provision in diverse settings around the world.

Antenatal care varies within and between countries, reflecting different healthcare and political realities. Within many high-income countries the growing acceptance of women's rights to choice and autonomy in healthcare has led to the growth of a more woman-centred approach to antenatal care. Various 'alternative' forms of care have been tried, including 'continuity of care' models, where all the professionals involved "share common ways of working and a common philosophy" \[[@CR7]\] and 'continuity of carer' models in which the same health professionals provide care throughout -- which might mean throughout a specific episode, such as labour.

The delivery and scope of antenatal care can affect the health and well-being of women and infants \[[@CR8], [@CR9]\]. Different models of antenatal care have been shown to improve maternal and neonatal outcomes, including reduced preterm birth rates and higher breastfeeding initiation rates \[[@CR10], [@CR11]\]. Davis-Floyd et al. \[[@CR12]\] claim that an over-medicalised approach which promotes the use of routine clinical interventions without a robust evidence-base is counter-productive: the association between unnecessary clinical interventions and increased morbidity is well evidenced \[[@CR13]\]. A persistently high caesarean section rate causes concern about various morbidities, including poor neonatal respiratory function and maternal haemorrhage, anaemia, infections, and future placenta praevia/accreta \[[@CR14]\]. Downe \[[@CR15]\] notes a growing multi-disciplinary evidence base which associates intrapartum interventions with an increased risk of longer-term non-communicable autoimmune disorders, diabetes and even certain cancers \[[@CR16]\].

Poor clinical and psychosocial outcomes, for example preterm birth and its associated stresses for the family, represent a considerable burden on personal, familial and society-wide levels \[[@CR17]\]. Poor outcomes also lead to significant organisational and financial burdens on health services \[[@CR18]\]. Identifying mechanisms which could mitigate or prevent poor outcomes would offer significant benefits to individuals, families, health systems, and societies. Models which positively promote well-being have the potential to produce widespread benefits.

The drive to empower the service user has been a particular focus for maternity care in the UK \[[@CR19]\]. The implicit assumption behind this is that informed decisions are negotiated with the health care provider once the woman has had the opportunity to consider the available evidence. High level guidelines (e.g. \[[@CR20]\]) collate evidence and grade the evidence level to help this process. Women's experiences are also now evaluated regularly \[[@CR21], [@CR22]\]. There has been significant emphasis in several countries, including the UK, Australia and Canada, on the provision of midwife-led and women-centred care, which can be delivered in a range of ways and situations \[[@CR3]\]. Inevitably, these 'models of care', which differ from standard care in many countries in which an obstetrician is usually the lead professional, but in which women still receive care by midwives, reflect varying clinical and other situation-specific realities, including midwife-led care primarily for women deemed to be of low-risk, and obstetric-led care for women of all risk levels. While many criticise the conceptual basis, risk considerations permeate the practice and reporting of clinical care and we follow that convention here as it enables consistent reporting of current research. Sandall et al.'s Cochrane review on midwife-led continuity models \[[@CR3]\] highlighted the possibility that adverse outcomes, including preterm birth, could be reduced by altering the standard antenatal care package to include improved continuity of care led by midwives. However, questions remain about the causal mechanisms underlying improved outcomes. Research reports may relate *what* is done and *by whom*, but not explain *why* or *how.* Providing additional preventive or supportive care by one caregiver, or a small number of caregivers, may be a factor. McLachlan et al. \[[@CR23]\], for example, concede that they could not tell which aspect of their new care model caused the difference in outcome. Further exploration is needed in relation to the full spectrum of models of care to inform both the implementation of effective care models and future research.

The McTempo (Models of Care: The Effects on Maternal and Perinatal Outcomes) collaboration is a multi-disciplinary and multi-institutional research grouping that has been formed to explore and evaluate different care models used in maternity care. As a first step in a planned programme of work to explore what actually makes the difference in these antenatal care models, we conducted a systematic review of randomised controlled trials (RCTs) and systematic reviews (SRs) of RCTs. While we focus on antenatal care in the first instance, we will incorporate intrapartum and postnatal care aspects in future work, as mothers and infants are inevitably affected by the whole continuum. In this paper we report on the midwifery-led models we identified. We have used the term 'midwifery-led' rather than 'midwife-led' because we anticipated that some of the interventions, while constituting midwifery care, would involve care given by practitioners other than those holding an internationally-recognised qualification as a midwife. We mapped reports of the intervention and control arms of these studies to the evidence-based Quality Maternal and Newborn Care (QMNC) framework developed by Renfrew et al. \[[@CR5]\]. While we acknowledge that the control arm in a trial also represents an intervention, in this paper we use 'intervention' to refer to the experimental arm of the trial. The QMNC framework offers the opportunity to explore the characteristics of care throughout pregnancy, labour and the postnatal period, and thereby to help to identify the active mechanisms that improve outcomes. In so doing in this initial review we hope to open up the 'black box' of antenatal care to identify those constituent parts which make care effective or ineffective.

To help us do this we devised a data extraction form based on the QMNC framework \[[@CR5]\] (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1The Lancet Series on Midwifery: Framework for Quality Maternal and Newborn Care (QMNC): Renfrew et al. 2014 \[[@CR5]\]

The QMNC framework was developed through a combination of conventional systematic review and advances in methods for interpretive synthesis, and included expert opinion input from 35 Lancet Series co-authors and a further dozen or so critical readers. The detailed evidence base used to develop the framework included 461 Cochrane reviews of interventions, 13 meta-syntheses of qualitative studies of women's views and experiences, and seven reviews of workforce issues. The framework focuses on the needs of women, infants and families across the continuum of care, and can be used to assess the key concepts of quality maternal or newborn care provision by a wide range of providers in diverse care settings worldwide.

The framework identifies five components which are used to organise specific characteristics across the continuum of maternal and newborn care from pregnancy to postpartum and the early weeks of life. These components are: practice categories, organisation of care, values, philosophy, and care providers. The term 'Practice categories' comprises five sub-categories, the first three of which are supportive/preventive and are needed by all childbearing women and infants (education, assessment and the promotion of normal processes), with the last two relevant for women and infants with complications (first line management and specific obstetric and neonatal services). Within each of these components, characteristics of care that women and infants need are specified. The framework can therefore be used to identify and then review the scope and content of all maternal and newborn care. In this paper we use it for one specific purpose - to analyse trials of midwifery-led care.

While the scope of midwifery practice varies worldwide, its core characteristics can be identified within the framework, which thus provides a means of evaluating reports of midwifery care interventions internationally. The McTempo project will in future identify not just the continuity models included in the recent Cochrane review, but a wide range of specific antenatal care models which have been the subject of RCT evaluation. For the work reported here we limited ourselves to examining in detail those studies where the intervention was deemed to be 'midwifery-led'. We are also limiting ourselves to original reports of RCTs in order to assess systematically the reporting in the current literature of the characteristics identified by the QMNC framework. The aim of this paper therefore is to map the characteristics of antenatal care models tested in Randomised Controlled Trials (RCTs) to a new evidence-based framework for effective maternal and newborn care.

Methods {#Sec2}
=======

Inclusion/exclusion criteria were developed using a PICOS format (Population, Interventions, Comparator, Outcomes, Study design). Primary searches were conducted by the York Health Economics Consortium during July--August 2014. The main structure of the search strategy comprised three concepts: Antenatal care; Models linked to carers -- non-midwife specific; Models linked to midwives. These concepts were combined as follows: (Antenatal care AND Models linked to carer -- non-midwife specific) OR Models linked to midwives. In order to retrieve studies missed by this approach, the strategy also included additional focused stand-alone lines on terms that were potentially relevant for antenatal care. The search was restricted to primary descriptions of RCTs (primary and sibling papers) published in the English language in order to identify the salient features of the interventions. SRs were not included within the context of this part of the research because they are one step removed from the context of the interventions themselves. No time limits were used.

A preliminary screening of titles and abstracts by the McTempo team members identified those papers required for full assessment. This involved independent scrutiny by paired members of the team using the SPIO formula:Study design - RCTsPopulation - Women receiving antenatal care (+/− family); health care professionals/lay people planning/delivering such careIntervention - Models of antenatal care (midwifery/group/obstetrician/family doctor/shared/peer/birth attendant/doula)Outcome(s) - Maternal/infant perinatal outcomes; maternal psychosocial outcomes; organisational outcomes, including economic evaluations; maternal health behaviour outcomes.

We operationalised the analysis using the QMNC framework by listing the characteristics of care incorporated in the five framework components (practice categories, organisation of care, values, philosophy, and care providers). We then applied this to the 17 studies that we identified (see Results section). We assessed the presence or absence in the main article reporting the RCT and in the identified 'sibling papers' of these 16 stated characteristics (listed in Table [1](#Tab1){ref-type="table"}) using a scoring system: 0 = no or very minimal reference; 1 = some reference, but not fully explicit; 2 = explicit reference. Across the 16 characteristics this gave a maximum possible score of 32. The intervention and control arms were assessed separately. Assessments were made independently by paired members of the McTempo team, and then cross-checked for discrepancies. If necessary, a third member of the research team reviewed the scoring and made a final decision.Table 1Overview of 17 RCTs of midwifery-led careCare provisionStudy: First author; main article publication date (+ any subsidiary papers); Data collection yearsCountry; number of intervention participants (n=); (+ sites involved in study)Study participants: n=; characteristicsBrief intervention detailsAntenatalIntra-partum (inc. immediate post-partum dayPost-partum, beyond day of birth1.Begley et al. 2011 \[[@CR67]\]\
Data collection 2005--07Ireland; two midwifery units (Drogheda, Cavan)n = 1102; Healthy pregnant women (i.e. low risk)Midwifery-led care by same small team of midwives (7 midwives in one unit/team, 12 in the other unit) for the antenatal period, intra-partum and up to 7 days post-partum✓✓✓(7 days)2.Biro et al. 2003 \[[@CR26]\]\
(+Biro 2000) \[[@CR41]\]\
Data collection 1996--98Australia; one medical centre (Melbourne)n = 502; Pregnant women of any risk statusTeam midwifery provided by 7 midwives for antenatal, intra-partum and the immediate post-partum period (1 day)✓✓✓(1 day)3.Flint et al. 1989 \[[@CR27]\]\
Data collection 1983--85UK (England); one maternity hospital (London)n = 503; Low risk pregnant womenTeam of 4 midwives offering continuity of care for antenatal, labour and immediate post-partum period (exact period not specified)✓✓✓(unspecified)4.Giles et al. 1992 \[[@CR28]\]\
Data collection\
1989--90Australia; one teaching hospital (Sydney)n = 43; Low risk pregnant womenMidwife-led care from team of 4 midwives throughout pregnancy (labour and post-partum care was provided by other staff/midwives)✓???5.Gu et al. 2013 \[[@CR29]\]\
Data collection 2011China; one obstetric hospital (Fudan)n = 55; Low risk, first pregnancy/birthMidwife-led antenatal, intra-partum care, and for first two hours post-partum provided by one of 10 midwives (or an associate)✓✓6.Harvey et al. 2002 \[[@CR30]\]\
Data collection period not statedCanada; one tertiary referral centre (Alberta)n = 101; Low risk women/pregnanciesMidwife-led care by team of 7 midwives, from booking visit through to intra-partum and post-partum, plus a 6 week follow-up clinic visit✓✓✓(one 6 week follow-up visit)7.Hicks 2003 \[[@CR31]\]\
Data collection period not statedUK (England); antenatal clinics in study area\
(location not stated)n = 200; First 200 low risk women to book in study area once study beganTeam midwifery (eight midwives) providing continuity of care✓✓✓8. Homer et al. 2001a \[[@CR68]\] \[BJOG\]\
(+Homer et al. 2001b \[[@CR37]\] \[AHR\])\
Data collection 1997--98Australia; one teaching hospital (Sydney)n = 550; Women with no significant medical problems or previous caesarean (i.e. low risk)Community-based continuity of midwifery care through a team of 6 midwives and one obstetrician; intra-partum care and 3--4 domiciliary visits in post-natal period✓✓✓(3--4 visits)9.McLachlan BK et al. 2000 \[[@CR40]\]\
Data collection period not statedUK (England); 35 GP practices across six areas (North Staffordshire)n = 770; Any pregnant women in study areaCaseload midwifery -- midwives working in groups of 2--3 to achieve high degree of continuity with community focussed care for pregnancy and delivery in hospital. No community follow-up specified✓✓10.McLachlan HL et al. 2012 \[[@CR23]\]\
Data collection\
2007--11Australia; one tertiary hospital (Melbourne)n = 1156; Low risk women/pregnanciesCaseload midwifery -- one primary midwife with back-up midwives. From booking visit until birth, and early post-natal hospital stay (approx. 1--3 days).✓✓✓(1--3 days in hospital)11.Rowley et al. 1995 \[[@CR48]\]\
Data collection 1991--92Australia; one tertiary university hospital (NSW)n = 405; High or low risk women/pregnanciesTeam midwifery from 6 midwives for antenatal period until delivery and 'just after' birth✓✓12.Tracy et al. 2013 \[[@CR32]\]\
Data collection 2008--11Australia; two teaching hospitals (NSW and Brisbane)n = 871; Pregnant women with any risk: singleton pregnancy and no planned caesarean (other risks acceptable)Caseload midwifery from named midwife or back-up midwife, giving antenatal, intra-partum and post-natal care (up to 6 weeks after birth)✓✓✓(up to 6wks)13.Turnbull et al. 1996 \[[@CR65]\]\
(+Young 1997 \[[@CR69]\], Shields 1998 \[[@CR70]\], Turnbull 1999 \[[@CR71]\])\
Data collection 1993--94UK (Scotland); One maternity hospital (Glasgow)n = 648; Low risk women/pregnanciesMidwife-led care with continuity of carer (named midwife with back-up midwife), throughout antenatal, intra-partum and post-natal period (women seen at home, but length of follow-up not specified)✓✓✓(unspecified)14.Waldenström et al. 2000 \[[@CR72]\] (+Waldenström 2001 \[[@CR73]\])\
Data collection 1996--97Australia; one women's hospital (Melbourne)n = 495; Low risk women/pregnanciesTeam midwifery (8 midwives) providing continuity of care from booking visit, to birth, and post-natal ward (days 1--3, in hospital)✓✓✓(1--3 days in hospital)15. Waldenström et al. 1994 \[[@CR35]\]\
(+Waldenström 1997a Birth \[[@CR74]\], Waldenström 1997b BJOG \[[@CR38]\])\
Data collection 1989--93Sweden; one birthing centre (Stockholm)n = 928; Low risk women/pregnanciesTeam midwifery (10 midwives) providing antenatal, intra-partum, and post-partum care (up to 2 months after birth)✓✓✓(up to 2 months)16.Walker et al. 2013 \[[@CR33]\]\
Data collection 2009--10Mexico; 27 rural clinics (Oaxaca and Guerrero states)n = 461; All pregnant women in study areaTeam of 12: obstetric nurses (4) and midwives (8) added to rural practice care for antenatal, intra-partum and post-natal period (length of follow-up not specified)✓✓✓(unspecified)17.Wu et al. 2010 \[[@CR34]\]\
Data collection 2000--3China; rural community-based model (Anhui province)n = 673; All pregnant women in intervention areasSystematic midwifery care during antenatal care and delivery✓✓

Results {#Sec3}
=======

The initial search identified 13,046 titles, and a further four were identified through the reference lists of included studies. Following de-duplication and screening of titles and abstracts by paired members of the McTempo team, 22 systematic reviews and 153 articles met the inclusion criteria; several individual studies were reported in more than one article. In a separate paper we will report on the categorisation of the studies reported in these 175 citations, but briefly, our taxonomy identified four distinct models: 'Universal provision' (for all women irrespective of health state or complications); Restricted 'lower-risk'-based provision (midwifery-led or reduced/flexible visit approach for healthy women); Augmented provision (antenatal care as in Universal provision above but augmented by clinical, educational or behavioural intervention); Targeted 'higher-risk'-based provision (for woman with defined clinical or socio-demographic risk factors). From the 'Universal provision' and 'Restricted 'lower-risk'-based' provision models we identified 17 midwifery-led RCTs (reported in 25 papers) which are the focus of analysis of this paper (see Fig. [2](#Fig2){ref-type="fig"} for summary of screening and identification of included studies). In these interventions the midwife was the primary caregiver and lead professional with responsibility for the care; obstetric or other medical back-up was available should complications arise. These 17 studies included various forms of care delivery including team midwifery, defined as a group of midwives providing care and taking shared responsibility for a group of women from the antenatal period, through labour and postnatal care \[[@CR24]\], and caseload midwifery, characterised by a midwife undertaking responsibility for the continuum of care throughout pregnancy, birth and the postnatal period for a small identified number of women \[[@CR25]\].Fig. 2Search and screening process

The review and screening process identified 25 papers within the 'Universal' and 'Restricted 'lower-risk'-based' categories that between them reported 17 RCTs involving midwifery-led antenatal interventions. The 17 original studies are detailed in Table [1](#Tab1){ref-type="table"}. This shows the principal report of the RCT and the 'sibling papers' identified by our search.

The first study reported was published in 1983, indicating that midwifery-led care has been the subject of research for over 30 years. As indicated in Table [1](#Tab1){ref-type="table"}, most of the studies took place in Australia (*n* = 7) or the UK (*n* = 4); there were also two Chinese studies, and single studies in Ireland, Canada, Sweden and Mexico. Most of the studies (11/17) were restricted to women categorised as 'low risk', although the definition of low risk varied between studies. Those not focussed exclusively on 'low risk' women were from Australia \[[@CR26]--[@CR28]\], the UK \[[@CR29]\], China \[[@CR30]\] and Mexico \[[@CR31]\]. Our assessment of the presence or absence of reporting of the components and characteristics from the QMNC framework \[[@CR5]\] is shown in Table [2](#Tab2){ref-type="table"}.Table 2Midwifery-led RCTs: level of published evidence in Intervention arm \[Control arm\] of characteristics of maternity/newborn care identified in QMNC frameworkKey to scores: 0 = not present; 1 = mentioned, not detailed; 2 = discussed in some detailPractice categoriesPractice categoriesOrganisation of careValuesPhilosophyCare providersAuthor, YearEducation info HPAssessment screening planningNormal process, complication preventionComplication referralsMedical obstetric neonatal servicesOrganisation of careResourcesCompetent Sustainable workforceIntegrationRespect, CommunicateTailoringOptimisingWomen's capabilityIntervention useKnowledge skillsRoles skill mixTotal scores1 Begley 2011 \[[@CR67]\]0 \[0\]2 \[1\]1 \[0\]1 \[1\]1 \[1\]2 \[1\]1 \[0\]1 \[0\]2 \[1\]0 \[0\]0 \[0\]0 \[0\]0 \[0\]1 \[0\]1 \[0\]1 \[2\]14 \[7\]2 Biro 2003 \[[@CR41]\]1 \[0\]2 \[0\]1 \[0\]1 \[0\]2 \[0\]2 \[2\]1 \[0\]1 \[0\]1 \[1\]1 \[1\]1 \[0\]1 \[0\]1 \[0\]1 \[0\]1 \[0\]1 \[1\]19 \[5\]3 Flint 1989 \[[@CR27]\]1 \[0\]0 \[0\]1 \[0\]1 \[0\]2 \[0\]2 \[0\]1 \[0\]2 \[0\]1 \[0\]1 \[0\]1 \[0\]1 \[0\]2 \[0\]1 \[0\]0 \[0\]1 \[0\]18 \[0\]4 Giles 1992 \[[@CR28]\]2 \[0\]0 \[0\]0 \[0\]1 \[1\]1 \[1\]1 \[1\]1 \[0\]1 \[0\]1 \[1\]0 \[0\]0 \[0\]0 \[0\]0 \[0\]1 \[0\]1 \[1\]1 \[1\]11 \[5\]5 Gu 2013 \[[@CR29]\]2 \[0\]2 \[0\]2 \[0\]0 \[0\]0 \[0\]2 \[2\]1 \[0\]2 \[0\]1 \[0\]2 \[0\]2 \[0\]2 \[0\]2 \[0\]2 \[0\]2 \[0\]1 \[1\]25 \[3\]6 Harvey 2002 \[[@CR30]\]0 \[0\]1 \[0\]1 \[0\]1 \[0\]1 \[0\]2 \[1\]1 \[0\]1 \[0\]1 \[0\]0 \[1\]0 \[0\]1 \[0\]0 \[0\]2 \[0\]1 \[0\]1 \[0\]14 \[2\]7 Hicks 2003 \[[@CR31]\]0 \[0\]1 \[1\]1 \[0\]1 \[0\]1 \[0\]2 \[2\]1 \[0\]1 \[0\]2 \[1\]2 \[0\]1 \[0\]1 \[0\]0 \[0\]0 \[0\]1 \[0\]0 \[1\]15 \[5\]8 Homer 2001 \[[@CR37]\]2 \[0\]0 \[0\]1 \[0\]2 \[1\]2 \[0\]2 \[1\]1 \[1\]1 \[0\]1 \[1\]1 \[0\]1 \[0\]0 \[0\]0 \[0\]1 \[0\]0 \[0\]1 \[1\]16 \[5\]9 McLachlan BK 2000 \[[@CR40]\]0 \[0\]0 \[0\]1 \[0\]2 \[0\]2 \[0\]2 \[2\]1 \[0\]1 \[0\]2 \[0\]0 \[0\]1 \[0\]1 \[0\]1 \[0\]2 \[0\]1 \[0\]1 \[1\]18 \[3\]10 McLachlan HL 2012 \[[@CR23]\]1 \[0\]0 \[0\]1 \[0\]0 \[2\]0 \[1\]2 \[1\]0 \[0\]2 \[0\]2 \[1\]0 \[0\]1 \[0\]1 \[0\]0 \[0\]1 \[0\]2 \[0\]2 \[0\]15 \[5\]11 Rowley 1995 \[[@CR48]\]1 \[0\]0 \[0\]0 \[0\]0 \[0\]1 \[0\]1 \[0\]1 \[0\]1 \[0\]0 \[0\]1 \[0\]1 \[0\]0 \[0\]0 \[0\]1 \[0\]1 \[0\]1 \[0\]10 \[0\]12 Tracy 2013 \[[@CR32]\]2 \[1\]2 \[1\]2 \[0\]2 \[1\]2 \[1\]2 \[2\]1 \[1\]1 \[1\]2 \[1\]2 \[1\]2 \[1\]2 \[1\]1 \[1\]2 \[1\]0 \[0\]2 \[1\]27 \[15\]13 Turnbull 1996 \[[@CR65]\]1 \[0\]2 \[0\]1 \[0\]1 \[1\]1 \[1\]1 \[1\]1 \[1\]1 \[0\]1 \[1\]2 \[0\]2 \[0\]2 \[0\]2 \[0\]2 \[0\]0 \[0\]1 \[0\]21 \[5\]14 Waldenström 2000 \[[@CR72]\]1 \[0\]1 \[1\]0 \[1\]1 \[1\]1 \[1\]1 \[2\]1 \[0\]1 \[1\]1 \[0\]2 \[1\]2 \[1\]0 \[0\]1 \[0\]1 \[0\]1 \[0\]1 \[1\]15 \[10\]15 Waldenström 1994 \[[@CR35]\]0 \[0\]1 \[1\]2 \[1\]1 \[1\]1 \[1\]2 \[2\]2 \[2\]0 \[0\]2 \[1\]2 \[0\]1 \[1\]2 \[0\]1 \[0\]2 \[1\]1 \[1\]1 \[1\]21 \[13\]16 Walker 2013 \[[@CR33]\]0 \[0\]1 \[0\]1 \[0\]0 \[0\]0 \[0\]1 \[1\]0 \[0\]1 \[0\]1 \[0\]0 \[0\]0 \[0\]1 \[0\]0 \[0\]1 \[0\]1 \[0\]1 \[0\]9 \[1\]17 Wu 2010 \[[@CR34]\]1 \[0\]1 \[0\]1 \[0\]1 \[0\]1 \[0\]1 \[1\]1 \[0\]1 \[0\]1 \[1\]0 \[0\]0 \[0\]0 \[0\]0 \[0\]0 \[0\]0 \[0\]1 \[0\]10 \[2\]Studies reporting this characteristic11 \[1\]10 \[5\]14 \[2\]13 \[8\]14 \[7\]17 \[15\]15 \[4\]10 \[2\]16 \[10\]10 \[4\]12 \[3\]11 \[1\]8 \[1\]15 \[2\]12 \[2\]15 \[10\]

Quality scores for the models ranged from 9 to 25 for the midwifery-led interventions (out of a possible 32), with the majority of models reporting fewer than half the characteristics associated with quality maternity care (Table [1](#Tab1){ref-type="table"}). Overall our scoring system found little temporal association with scores, although the two highest scoring studies were published recently \[[@CR29], [@CR32]\]. Two other recent studies with low scores were from China and Mexico \[[@CR33], [@CR34]\].

Practice categories {#Sec4}
-------------------

Discussion of what was involved in the studies focussed predominantly on the intervention arm. Even so, only 10 of the 17 studies mentioned the need for the intervention to provide assessment and screening for pregnant women. Most referred to the giving of information and health education, but three did not refer at all to the promotion of normal processes within the intervention arm, and in only three cases was this discussed in any real detail \[[@CR29], [@CR32], [@CR35]\]. Similarly, there were gaps in the provision of information about women and infants who developed complications, and the provision of obstetric and neonatal services: Gu et al. \[[@CR29]\] and Walker et al. \[[@CR36]\] did not refer to these at all. The content of care in the control arms was rarely discussed in any detail, particularly in relation to the provision of care for mothers and infants who did not develop complications.

Most of the reported studies were targeted at women assessed as 'low risk', but most still referred to how clinical complications in women within the intervention arm would be managed within the trial. For example, Homer et al. \[[@CR37]\] detailed how the community-based team continued to care for women who developed antenatal complications, making transfer to standard care unnecessary. We discuss the implications of the use of the word 'risk' in the discussion section.

Organisation of care {#Sec5}
--------------------

This was the component that was best described. Reports included a discussion of the model itself, and very often its integration with other services, including those in the community. Some studies \[[@CR32], [@CR38]\] provided a comparative table detailing the differences between the intervention and control arms, although even these tended to focus on *what* was done rather than *how* or *why*. However, even within the 'Organisation of care' component some of the characteristics were much less well described: several studies did not refer at all to the need to have a competent sustainable workforce, for example.

A team midwifery approach was examined in 12 studies (numbers 1--8, 11, 14--16 in Table [1](#Tab1){ref-type="table"}). In the studies included here, care was delivered by a team of between four and 12 midwives in order to provide continuity. Flint et al. \[[@CR39]\] concluded that a team of just four would have to be increased to five or six in order to cover the 24-hour period adequately. In the Giles et al. study \[[@CR28]\] a team of four midwives provided antenatal care but not labour/birth care.

In four studies (numbers 9, 10, 12 and 13 in Table [1](#Tab1){ref-type="table"}) a caseload approach was adopted. One or more midwives was available for support when the caseload midwife was unavailable due to holidays, sickness, or caring for another woman in labour. This approach aimed to provide continuity of carer as well as care (the distinction is noted in the Background section), on a more one-to-one basis \[[@CR24]\]. The women were likely to have met both the caseload midwife and the back-up midwife/midwives during antenatal care, and were therefore unlikely to be attended during labour by an unfamiliar person. Caseload size per midwife ranged from 35--45 women at any one time, with midwives also providing back-up for colleagues \[[@CR23], [@CR32], [@CR40]\]. These figures are consistent with, or slightly higher than, those stated by Hartz et al. \[[@CR25]\].

The community-based cluster RCT in Wu et al.'s Chinese study \[[@CR34]\] resembled a team approach, but details of how this was organised were lacking.

In most cases the continuum of care provided within the identified models included antenatal, intrapartum and postnatal care (Table [1](#Tab1){ref-type="table"}), the latter ranging from one day to up to two months.

Values and philosophy {#Sec6}
---------------------

The QMNC framework Values component includes respect, communication and community knowledge and tailoring care to individual circumstances and needs. The Philosophy component describes an approach to care which optimises biological, psychological, social and cultural processes, and which avoids unnecessary interventions. This approach also involves recognising and strengthening women's own capabilities, one aspect of which is respecting women's rights to engage in decisions about their own care.

Discussion of values and philosophy was missing in almost all of the reports of the control arms, and was very limited in the reports of the intervention arms. Only eight studies referred to the need to strengthen women's own capabilities, and only ten mentioned the importance of respect and communication. While there was almost no discussion at all in the Flint et al. \[[@CR39]\] paper about what the control group received, they did note that an aspect of the intervention was to encourage discussion of anxieties. The intention was to empower women with a sense of being in control, so preparing them more effectively for labour. Biró et al. \[[@CR26]\] referred to the team philosophy regarding 'natural childbirth' as a possible reason for less intervention and shorter hospital stay. In another paper reporting the same study \[[@CR41]\] Biró et al. referred to women saying the team midwives provided better emotional support, and reported the feeling that they were better informed and more involved in decision making.

Care providers {#Sec7}
--------------

Twelve of the studies referred to the need for those delivering care in the intervention arm to have adequate knowledge and skills; however only two referred to this with regard to the control arm. The management of skill mix was more adequately covered, at least with regard to the intervention arms. McLachlan et al. \[[@CR23]\] claimed that the study site had strong management and organisational support.

Discussion {#Sec8}
==========

The purpose of this study was to help to identify the characteristics of those care models which may result in improved outcomes for mothers and infants. To do this we devised a novel approach to assessing studies using a recently developed evidence-based framework \[[@CR5]\]. We acknowledge that our 0-1-2 scoring system is a rather blunt instrument. We mitigated subjectivity by having paired members of the team review each paper independently. An additional challenge was that we applied a recently developed conceptualisation of high quality maternity care to studies that date back some thirty years. Certain features of maternity care may not always have been recognised. Furthermore, an increased awareness over the years of complex interventions and of process evaluation have sometimes been reflected in more detailed reporting of recent trials. However, we feel it is essential to examine the evidence that does exist, and to establish a foundation for the measurement and reporting of specific aspects of care models in future studies. Our intention is to identify what it is that leads to an outcome; this means understanding not just what is done and by whom, but what the underpinning rationale is for the intervention and control arms and how they are made to work in practice. Thus the QMNC framework can be used to assess antenatal care provision, in particular whether a model of care has the characteristics that are likely to result in improved outcomes for mothers and infants. However, determining whether those outcomes are actually achieved in any given setting or model of care, and to which care characteristics they are attributable, will necessitate further study.

The data extraction tool based on the QMNC framework was developed in order to identify those characteristics of maternal and newborn care which feature in reports of RCTs. All but one of the 17 RCTs (Wu et al. being the exception) claimed some clinical, psychosocial or organisational benefit from the intervention, but as we did not perform a meta-analysis of these heterogeneous outcomes we cannot comment on the studies' actual effectiveness. Nevertheless, this is the first study to attempt systematically to identify and describe the characteristics of care models that may be leading to improved outcomes. Although our literature search identified five associated systematic reviews we did not analyse these here as such reports are one step removed from analysing the component parts of an intervention.

An earlier review of women's views of community-based maternity care in the UK found that, despite an extensive literature, there are important gaps in the evidence, including information about what is done, how this is done and by whom \[[@CR2]\], limiting replication and the generalizability of findings. Although more evidence is now available many of these gaps remain, and the QMNC framework provides a 'lens' through which research in maternity care can be evaluated. Describing midwifery interventions and findings in terms of their underpinning values and philosophy, as indicated in the QMNC framework \[[@CR5]\], can help to situate and define the factors that may be making the difference. This may be by unpacking the essential contribution that midwives can make and are making to the skilled care of women during pregnancy, childbirth and the postnatal period, and to improving outcomes for mothers and infants alike. Unpacking these attributes is an important step in improving the quality of maternity care for women globally. An example of this is the use of psychosocial support interventions to improve maternal mental health outcomes, as identified in systematic review evidence by Dennis and Dowswell \[[@CR42]\], which could be potentially delivered by midwives given their intensive contact with women during pregnancy. However, Alderdice et al. \[[@CR43]\] emphasise that further evidence is needed on how midwives contribute to the effectiveness of these interventions.

While reports of RCTs focus more on the characteristics and impact of the relevant experimental intervention, it is just as important to report on the control arm of a study. Given the variety of care models worldwide, and changes over time, it cannot be assumed that readers will necessarily understand the rationale for or workings of what is termed 'standard' care. It is important, especially in the main paper from a study, to explain the essential aspects of control and intervention arms so that the fundamental differences between the intervention and comparator can be assessed. While discussion of the control arm was partial or absent in many cases, we note that Waldenström et al. \[[@CR35]\] and Tracy et al. \[[@CR32]\] did include most of the essential information about this in their papers. In many studies the control arm also included midwifery care, albeit within a model where major decisions about care were taken by doctors. Since midwives provided aspects of care in both arms of many of these studies it is important to be clear about what it is that makes the difference. Details about who and what are insufficient; why and how are also required.

The characteristics were detailed to varying degrees in these studies, with only Biró et al. \[[@CR41]\] giving explicit details about all the framework components. Detailing the characteristics of care can help to identify either ineffective practices, or those that interfere unnecessarily with normal processes \[[@CR5]\].

Our inclusion criteria meant that our search identified the continuity models included in Sandall et al.'s Cochrane review \[[@CR3]\], but it also included other antenatal care models. Most were from Anglophone and/or European countries. A limitation of our study in this respect was the exclusion of non-English language publications. The exceptions (two Chinese studies and one from Mexico) occurred in settings where there is not the same tradition of midwifery as in the countries in which the other studies took place, and it is difficult to make comparisons. Nevertheless, the QMNC framework is underpinned by a global evidence base and the future work of the McTempo collaboration will go beyond midwife-led approaches to examine global antenatal care models.

Funding of antenatal care varies across the world in both high-income and low-income countries; schemes may be funded publicly or privately, or by insurance, or by a combination of these. Most studies did not specify care funding details, although Wu et al. (2013) noted that the collapse of the collective-based medical care schemes in China and the introduction of market reforms in the 1980s meant that farmers now had to pay for health care out of their own pocket. In the Gu et al. (2011) trial, the antenatal intervention model was free of charge during the study period, although women had to pay for perinatal services (personal communication).

Practice categories {#Sec9}
-------------------

While the characteristics of this component were included in relation to most of the intervention arms, information about the control arms was very limited except for discussion of dealing with clinical complications. However, even within the intervention arms it was surprising to find that several studies presented no discussion of health education or health promotion, or of assessment and screening during pregnancy. It was perhaps particularly surprising that there was little detailed discussion of the promotion of normal processes and the prevention of complications. Promoting normal physiological processes might be thought to be a mechanism that underpins these interventions, and yet with few exceptions there was little discussion of what the models did, or intended to do in this regard. Discussion was most informative in relation to the presence of medical, obstetric or neonatal services -- the area which, Renfrew et al. \[[@CR5]\] argue, has received disproportionate attention within global maternity care at the expense of the preventive and supportive care for women that minimises complications occurring.

Organisation of care {#Sec10}
--------------------

We used the QMNC framework to assist with the evaluation of the antenatal care models by providing a structure against which to evaluate the interventions. With regard to the quality of reporting study characteristics, there did not appear to be an association between the year that the studies were carried out, or the country/location, or whether a team or caseload approach was used. Team midwifery, which involves a team of midwives providing care and taking shared responsibility for a group of women for antenatal, intrapartum and the postnatal period, was the predominant model offered in the included studies. The recent Better Births report \[[@CR44]\] recommends a continuity of carer model based on small teams of 4--6 midwives, although some debate still exists about the merits and demerits of team midwifery \[[@CR4]\]. There may also be a lack of clarity about how responsibility should be shared between the midwives within the teams \[[@CR45]\].

With regard to the more one-to-one approach provided by caseload midwifery, the latest NICE intrapartum guidance \[[@CR20]\] concludes that the evidence shows that women prefer this model of care to traditional 'shared care' whereby care is shared between GP surgery or health centre and the maternity unit \[[@CR7]\]. Women receiving caseload midwifery were less likely to have interventions during labour, and there was no evidence of difference or detriment in maternal or neonatal outcomes. However, the distinction between team midwifery approaches and caseload approaches is not always well defined \[[@CR25]\]. Although our review was able to distinguish which type of model was being provided in most cases, it is necessary for approaches to be sufficiently described in published papers, to inform assessments and comparisons of outcomes.

With regard to caseload size, there was some consistency within the identified studies, ranging from 35 to 40 women per midwife at any one time. However, these figures do not include requirements to provide back-up for other midwives when needed. Our study was restricted to antenatal models; it is possible that the same factors apply during labour and after the birth. Where caseload figures are higher, there may be cause for concern about whether women in childbirth can be provided with the recommended level of care and support for the full period of their labour \[[@CR46], [@CR47]\].

In many of the studies we examined both study arms involved care by midwives. Midwifery care was not therefore being compared with another completely different form of care. This means that any difference between the trial arms reported in the studies is likely to underestimate the impact of care by midwives, since both trial arms received versions of such care. The fact that to date most studies have focused on women assessed as being at 'low risk' (variously described, there being no universal definition of risk categories) raises the question of whether midwifery-led antenatal care models can be extended to other women. Two studies in this review suggest that this may be possible without detriment to safety \[[@CR32], [@CR41]\]. A further study involving 'low risk' and 'mixed risk' women reported fewer adverse maternal or infant outcomes \[[@CR48]\]. Unnecessary interference with normal physiological processes of childbirth has been shown to increase the likelihood of complications \[[@CR49]\]. Our taxonomy (referred to here but reported in detail in an accompanying paper) includes the term 'risk', but we are simply reporting the basis on which many antenatal care interventions have been based in the past. This much is inescapable, but we also make the point that we do not wish this terminology to reify the risk-based approach in future interventions or models.

Values and philosophy {#Sec11}
---------------------

Incorporating values of respectful and individualised care and a philosophy of optimising normal processes and strengthening women's capabilities into care are essential if high quality care is to be delivered \[[@CR6]\]. As noted in our findings, measurement of the perceptions of women and the acceptability of the model/scheme under offer was very limited. The importance of providing care that is tailored to individual needs is now well recognised. In 2014 the World Health Organisation \[[@CR50]\] stated that "every woman has the right to the highest attainable standard of health which includes the right to dignified, respectful health care". It has been found that abusive and disrespectful care is harmful but unfortunately widespread \[[@CR51], [@CR52]\]. Freedman and Kruk \[[@CR53]\] argue that disrespectful and abusive behaviour "is not the phenomenon of a few bad apples. Rather, it runs wide and deep within the maternity services of many countries." Respectful and tailored care is important not only because it is desirable and is a human right, but also because it results in improved outcomes: the benefit of promoting childbirth with fewer interventions, including caesarean section, may be of immediate and longer term benefit to both mothers and infants \[[@CR54]\]. Indeed, Warren et al. \[[@CR55]\] note that reports in Kenya have linked pregnant women's fears of encountering disrespect and abuse with their non-attendance at clinical facilities. Sacks and Kinney \[[@CR56]\] argue that the scene is set for global strategies to be agreed to pursue this agenda. We note that this increased awareness of the need for care to be respectful and aimed at encouraging normal processes should encourage more explicit thinking about the rationale for interventions. In other words, care must be respectful and must also promote normal processes.

Care providers {#Sec12}
--------------

With regard to the knowledge and skills of care providers, these can have a significant impact on reducing maternal and infant mortality \[[@CR5]\]. Prompt recognition and management of complications are skills that can save lives and lessen subsequent morbidity \[[@CR57]\]. This applies across the continuum of care, from pregnancy through to the postnatal period, and the early weeks of life, as use of the QMNC framework in analysing existing studies has shown. However, midwifery is more than a set of basic core skills and competencies \[[@CR58]\]; care within the scope of midwives' practice -- as defined by the International Confederation of Midwives \[[@CR59]\] -- in conjunction with medical and public health colleagues, is associated with better quality care and with sustained reductions in maternal and neonatal morbidity \[[@CR5]\]. Having strong management and organisational support, as noted by McLachlan et al. \[[@CR23]\], is a vital factor for any organisation, but particularly one which is introducing innovative approaches.

While the main focus of this review is antenatal care, it is evident from the description of interventions detailed here that postnatal follow-up can vary considerably. Although maternity care is often concluded after the 6--8 week postnatal visit in the UK \[[@CR60]\], and input may often be concluded earlier than this, many of the studies in our review did not follow women and infants up for this length of time, indicating that continuity of care may not be on offer following birth. Although standardised postnatal midwifery visits were no longer required after 1986 in the UK \[[@CR60]\] and are not part of routine care in many other countries, having follow-up from a midwife who has knowledge of the pregnancy and birthing history may help women who have recently given birth to feel more supported during the early days and weeks with their new baby \[[@CR61]\]. It may also improve rates of breastfeeding \[[@CR62], [@CR63]\] and support the identification and prevention of postnatal depression \[[@CR64]\]. Interventions that offer continuity of support beyond birth may therefore improve longer term outcomes.

This review has focussed on care models as they affect maternal and newborn outcomes. Apart from the Turnbull et al. trial \[[@CR65]\] none of the included studies investigated the views and experiences of midwives or other staff. Hundley et al.'s study \[[@CR66]\] showed a small but significant increase in midwife satisfaction in a midwife-managed delivery unit (the best predictors being autonomy and continuity of carer), but this was not eligible for our review because of the lack of antenatal care involvement. Our planned McTempo research programme will include other outcomes, including staff wellbeing, burnout and organisational and resource-related outcomes.

Conclusion {#Sec13}
==========

Although antenatal care models vary worldwide, the evidence-based QMNC framework allows for the characteristics of different care models to be assessed and compared. Our use of this framework found that although 17 RCTs of antenatal care models have been conducted, there are important gaps in knowledge about the characteristics of those models that have an impact on outcomes. This hampers the ability to replicate these studies or to generalise from their findings and limits implementation.

Any report of an intervention should detail not only what was done and by whom, but why and how it was done. This applies equally to the control arms of studies. If claims are made about the effects of an intervention then it is vital to understand not only what is done and why, but exactly what the differences are between experimental and control packages. This paper has described a mechanism for searching for these active ingredients, and has provided the first step in opening the 'black box' of what works in terms of midwifery-led antenatal care. Our future work will compare different models of care by exploring in detail those characteristics identified by the QMNC framework as relevant to quality maternal and newborn care. This is essential to enable the active ingredients of a successful intervention to be replicated beyond the research context.

Abbreviations {#Sec14}
=============

PICOS, population, interventions, comparator, outcomes, study design; QMNC, quality maternal and newborn care; RCT, randomised controlled trial; SMART, Scottish midwives advancing research together; SPIO, study design, population, intervention, outcome; SR, systematic review

We would like to thank Jane Sandall, Professor of Social Science and Women's Health, King's College, London, for her contribution to the development of this project, and Dr Mick Arber and Dr Julie Glanville of the York Health Economics Consortium for their detailed work in conducting the original search of the literature.

Funding {#FPar1}
=======

This project was undertaken as part of a programme grant from the Scottish Government Chief Nurse's Office to the SMART (Scottish Midwives Advancing Research Together) collaboration. The views expressed are those of the authors and not of the Scottish Government Chief Nurse's Office.

Availability of data and materials {#FPar2}
==================================

Making data available not applicable -- this was a literature review.

Authors' contributions {#FPar3}
======================

All authors except JP, SD and HC conceived of the study. AS, JP, VH, EL, AM, MRD, EvT and HW carried out data extraction. All authors (AS, JP, HC, SD, VH, EL, FL, AM, JM, MR, MRD, EvT, HW, FA) were instrumental in the study's development, in reviewing successive drafts of the paper, and in approval of the final manuscript.

Competing interests {#FPar4}
===================

The authors declare that they have no competing interests.

Consent for publication {#FPar5}
=======================

Not applicable -- literature review.

Ethics approval and consent to participate {#FPar6}
==========================================

Not required -- literature review.
